We present and implement a distance-based clustering of amino acids within the framework of a statistically derived interaction matrix and show that the resulting groups faithfully reproduce, for well-designed sequences, thermodynamic stability in and kinetic accessibility to the native state. A simple interpretation of the groups is obtained by eigenanalysis of the interaction matrix.
The principal theme of this paper is to address the issue of determining the minimum number of distinct amino acids that are needed to make protein-like sequences with folds similar to those found in nature. A general answer to this question would have important ramifications in the design of proteins and in the origin of life. Our analysis is carried out within the framework of the Miyazawa-Jernigan (MJ) 1 interaction matrix which was derived by them using a statistical approach and is commonly used as a measure of the coarse-grained interactions between amino acids in a protein. A (alanine), and G (glycine) 6 . This suggests that the 20 amino acids can be grouped into five distinct clusters with the members of each group having quite similar properties. Riddle et al. 6 and Wolynes 7 have presented persuasive arguments that five groups are needed to provide enough specificity to form a folding funnel and generate few traps in the energy landscape.
Wang and Wang 8 have suggested that a justification for the five group clustering scheme can be provided by minimizing the mismatch between the reduced and complete interaction matrices. Specifically, they considered the MJ 1 matrix and deduced a clustering scheme,
shown at the top of Figure 1 , in which the representative amino acids were IKEAG -precisely as in the experiments on SH3 6 . The computational scheme for the clustering is stochastic in nature and does not permit a single entry group due to technical reasons associated with the computation.
Here, we implement a much simpler and deterministic clustering scheme which is based on considering the "distances" between the amino acids. 9 ), one obtains the simple result that the MJ matrix may be represented as 1 is similar in spirit to the reprezentation 9 in terms of "charges", q i , which yields M A more stringent test is provided by the kinetics. Figure 3 shows the folding behavior of four of the well-designed sequences. The first passage time in 21 runs starting from randomly chosen unfolded conformations are shown for all cases which have a folding time less than 5×10 8 τ 0 . The dynamics are based on a Monte Carlo process which satisfies detailed balance 15 . The folding is studied at the folding transition temperature, T f , at which the probability of being in the native conformation equals 1 2 . This temperature was located using a long unfolding Monte Carlo process, which explores the entire space of conformations and is not restricted merely to maximally compact conformations. The distance based substitution either raises T f or leaves it intact and preserves the range of values of the folding times. On the other hand, the mismatch based substitution lowers all four values of T f (some of them significantly) and extends folding times substantially. The simple origin of this failure may be traced to the fact that K which is a relatively inert amino acid is chosen as one of the leaders in the mismatch scheme and sequences with many amino acids belonging to the group with K are all substituted by an innocuous representative.
The clustering schemes illustrated in Figure 1 correspond to the partitioning of a string of all amino acids into segments provided that the amino acids are first arranged into a particular order. The order corresponding to the mismatch based scheme is almost the same as shown in Figure 1 for the distance based scheme except that K is forced to be placed earlier along the string. What is it that determines this optimal order? Following Li et al. 
